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Objective: To evaluate ankle joint abnormalities in a knee osteoarthritis (OA) cohort.
Methods: Participants (n ¼ 159) with symptomatic and radiographic OA in at least one knee underwent
technetium-99m methylene diphosphonate bone scan (scored 0e3) of the ankles and forefeet. Knee
radiographs were graded for OA features of joint space narrowing (JSN) and osteophyte (OST). Ankle
symptoms and history of ankle injury were assessed by self-report. Knee alignment was measured from a
long-limb radiograph. Ankle radiographs were obtained on those who returned for follow-up (n ¼ 138)
and were graded for ankle tibiotalar JSN and OST.
Design: Ankle scintigraphic abnormalities were frequent (31% of individuals, one-third bilateral). Ankle
symptoms were reported by 23% of individuals and history of ankle injury by 24%. Controlling for gender,
age, body mass index (BMI), and contralateral predictor, ankle scintigraphic abnormalities were asso-
ciated with: ipsilateral ankle symptoms (P ¼ 0.005); contralateral knee JSN (P ¼ 0.001), knee OST
(P ¼ 0.006) and knee malalignment (P ¼ 0.08); and history of ankle injury or surgery of either ankle
(P < 0.0001). At follow-up, scintigraphic abnormalities of the ankle were strongly associated with
presence of tibiotalar radiographic OA (P < 0.0001).
Conclusions: Although considered rare, we observed a high prevalence of radiographic features of ankle
OA in this knee OA cohort. History of overt ankle injury did not appear to account for the majority of
ankle abnormalities. These results are consistent with a probable kinematic association of knee OA pa-
thology and contralateral ankle abnormalities and suggest that interventions targeting mechanical fac-
tors may be needed to prevent ankle OA in the setting of knee OA.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
The ankle joint has been a particular focus of investigations for
its apparent resistance to osteoarthritis (OA) compared with sites
such as the knee1. The difference in OA susceptibility and preva-
lence between knee and ankle joints has been posited to be due to
different repair responses of these two joints based on differences
in their metabolic, biochemical and biomechanical properties1e11.
The literature related to the prevalence of symptomatic ankle OA is: V.B. Kraus, Box 3416, Duke
Tel: 1-919-681-6652; Fax: 1-
s Research Society International. Plimited, but available references are in general agreement that
ankle OA is raredoccurring at a rate of only 1e4%12. Trauma is
generally believed to account for as much as 80% of ankle OA13e16;
whereas trauma is believed to account for only 12% of knee OA15.
When ankle OA does occur, it has a major impact on quality of
life. According to one study, the impairment associated with ankle
OA, as measured with the SF-36 standardized health survey, is
equivalent to end-stage renal disease or congestive heart failure17.
Therefore, it would be advantageous to gain a greater under-
standing of the etiologies of ankle OA and develop strategies to
prevent it. Although it has been established that OA in a lower
extremity joint can affect other kinematically related joints of the
lower extremities, the vast majority of studies have focused on the
interaction of knees and hips18e21. In sum, these studies have
revealed a marked increased risk of OA in a contralateral cognate
joint (knee/knee, hip/hip), and a modest increased risk of OA in aublished by Elsevier Ltd. All rights reserved.
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ous studies evaluated the association of knee and ankle OA22e24.
These revealed an increased risk of ankle OA ipsilateral to knee OA;
possible contralateral associations controlling for ipsilateral disease
were not explored.
The goal of our study was to gain insights into the high preva-
lence of ankle abnormalities observed in our Prediction of Osteo-
arthritis Progression (POP) knee OA cohort25,26. We hypothesized
that knee OA would inﬂuence the prevalence and severity of ankle
abnormalities.
Methods
Participants
All 159 participants of the NIH sponsored POP study were
included in this substudy, which was approved in accordance with
the policies of the Duke Institutional Review Board. Recruitment
was independent of foot or ankle status and based solely on knee-
related factors. Participants met American College of Rheumatology
criteria for symptomatic OA of at least one knee; they also met
radiographic criteria for OA with a KellgreneLawrence (KL)27 score
of 1e3 in at least one knee. Knee symptomswere ascertained by the
National Health and Nutrition Examination Survey (NHANES) I
criterion of pain, aching or stiffness on most days of any 1 month in
the past year28. The overall distribution of knee KL grades was: KL0
2%; KL1 22%, KL2 20%, KL3 44%, and KL4 9% (at baseline 3% of knees
were replaced). A total of 96% of participants had evidence of
bilateral radiographic OA based on an OA deﬁnition of KL 1 or TKR
for OA; a total of 87% had bilateral knee symptoms. KL grade was
used as an inclusion criterion, however, this substudy utilized the
more precise individual radiographic features of knee OA for all
analyses. Exclusion criteria included the following: bilateral knee
KL4 scores; exposure to a corticosteroid (either parenteral or oral)
within 3 months prior to the study evaluation; knee arthroscopic
surgery within 6 months prior to the study evaluation; history of
avascular necrosis, inﬂammatory arthritis, Paget’s disease, joint
infection, periarticular fracture, neuropathic arthropathy, reactive
arthritis, or gout; and current anticoagulation. A total of 308 non-
replaced knees and 318 ankles were available for analysis from
the 159 study participants. At baseline, ankle symptoms (“joint that
has bothered you in the last year”), and a history of ankle joint
injury and ankle surgery were ascertained by self-report. A total of
138 participants returned for 3-year follow-up at which time it was
possible to obtain more explicit information on ankle injury and
surgery for both ankles as follows: “Has a doctor ever told you that
you broke or fractured your ankle?”; “Do you have a history of ankle
surgery?”; ‘Please list any injury to your ankles” (and whether the
injury required the use of a cane, crutch, surgery, cast, taping or ace
bandage).
Radiographic imaging
Posteroanterior ﬁxed-ﬂexion weight-bearing knee radiographs
were obtained with the SynaFlexer lower limb positioning frame
(Synarc, San Francisco) and scored for joint space narrowing (JSN)
and osteophyte (OST) on a 0e3 scale using a standardized atlas29.
Knee alignment was measured to within 0.5 on a weight-bearing
long-limb anteroposterior radiograph as previously reported30;
alignment of 180 was taken as the reference value and considered
neutral, angles <180 were deﬁned as varus alignment, and angles
>180 were deﬁned as valgus alignment. Knee malalignment was
deﬁned as the degrees from neutral. There was one unreadable
long-limb ﬁlm, therefore, data for this variable were available on
307 knees. At follow-up, weight-bearing ankle radiographs(mortise and lateral views) were obtained as previously
described31. There are no radiographic atlases for standardized
grading of ankle OA so ankle radiographs were scored by analogy to
knee OA scoring based on the Altman atlas29. Ankle radiographs
were scored (0e3) for tibiotalar JSN (medial and lateral), and OST
(medial, lateral, anterior and posterior), and KL grade (0e4) by a
reader (JR) with high intra-rater reliability for all three measures
(Intraclass Correlation Coefﬁcients (ICCs) 0.90) based on blinded
rescoring of 30 ankle radiographs several weeks after the initial
scoring.
Scintigraphic imaging
Bone scintigraphic images were obtained of each ankle (ante-
roposterior, mediolateral, lateromedial, and posteroanterior views)
at 2.5 h after injection of technetium-99m methylene diphospho-
nate; the tibiotalar joint (for four quadrants: medial, lateral, tibial,
talar) and forefoot were scored semi-quantitatively by an experi-
enced reader (RC) on a 0e3 scale (0 ¼ normal, 1 ¼ mild,
2 ¼ moderate, 3 ¼ intense). For the purposes of this study, the
forefoot was deﬁned as the region distal to the ankle (involving
regions distal to the tibiotalar and subtalar joint). As reported
previously, the reliability of scoring scintigrams was high for the
medial and lateral tibiotalar joint (ICCs 0.86e0.97) and good for the
forefoot (ICC 0.677)26. Bone scintigraphy was performed at baseline
(n ¼ 159) and at the time of follow-up 3 years later (n ¼ 138).
Statistical analyses
Analysis of outcomes measured at the individual level was
performed as follows: bivariate analyses for bone scan abnormality
of any ankle or forefoot were analyzed by Student’s t test for age
and bodymass index (BMI), and percentages and logistic regression
for gender. Corrected McNemar’s Chi-square statistic was used to
compare the prevalence of scintigraphic abnormalities in the
medial vs lateral ankle and tibial vs talar ankle. Bivariate analyses of
bone scan abnormality and history of joint injury were analyzed by
Student’s t test.
Final prediction of ankle or forefoot abnormalities was analyzed
at the level of joint by poisson regression, controlling for age,
gender and BMI. The analysis of ankle and forefoot outcomes uti-
lized methods that incorporated into the analytic structure the
inherent correlation due multiple observations for each individual
using repeated measures generalized estimating equations (GEE)32
for the poisson distributed outcomes. Signiﬁcance levels were
determined by the Wald Chi-square, controlling for the de-
mographics, age, gender and BMI. Modeling the correlation be-
tween limbs and assessing the impact of values from the index limb
on the opposing limb provided an analytic challenge; to do this, the
contralateral limb was incorporated into the analysis. For each
outcome and predictor, the following analyses were performed: (1)
‘Ipsilateral’dthe impact of the predictor on the outcome from the
index leg using both limbs as replicates (e.g., predicting ankle/
forefoot values given the knee values on both the right and left
side); (2) ‘Contralateral’dprediction of the contralateral outcome
given the index predictor (e.g., predicting the impact on the
opposing ankle/forefoot given values from the index knee
combining the separate values for both the right and left sides); and
(3) ‘Ipsilateral controlled for contralateral predictor’ and ‘Contra-
lateral controlling for ipsilateral predictor’dprediction of the index
outcome given values from both the index and opposing predictors
(e.g., predicting values for each ankle/forefoot given predictors
from both knees). This latter analysis was of greatest interest,
allowing us to assess the impact of the contralateral predictor
controlling for the equivalent value on the index limb. We
Fig. 2. Frequency and localization of scintigraphic abnormalities in the ankle. A
total of 318 ankle joints were scored for intensity of scintigraphic uptake based on a
four-point scale (0 ¼ none, 1 ¼ mild, 2 ¼ moderate, 3 ¼ intense uptake) by
compartment (medial or lateral) and bone site (talar and/or tibial). A total of 108 sites
(shown above) in 70 ankles had abnormal scintigraphic uptake (score 1). Among
ankles with uptake, the frequency of bone scan uptake for each level of intensity (1e3)
is depicted as a % for each site.
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ankles, even controlling for the on-side or ipsilateral values. The
parameter estimates allowed for the assessment of whether there
was a greater impact for the index predictor or the contralateral
predictor. Results were qualitatively and quantitatively similar for
analyses performed unadjusted and adjusted for age, gender and
BMI; therefore results of adjusted analyses (hazard ratios, 95%
conﬁdence intervals (CIs) and P values) are provided in all the ta-
bles. For any particular model, statistical signiﬁcance was set at a
Type I error level alpha of 0.05. Since the analyses are exploratory,
no adjustment for multiple tests was applied.
Results
The cohort was 74% female, mean  SD age 63.7  11.8 years,
and BMI 31.3  6.7 kg/m2. Additional characteristics of this cohort
have been described previously25. Representative ankle scintigrams
are provided in Fig.1, demonstrating the ability to localize uptake in
the medial and lateral compartments of the tibiotalar joint and the
forefoot. Scintigraphic abnormalities of the ankle and forefoot were
frequent, 31% and 50% respectively. The frequency and localization
of uptake among the 70 ankles with any scintigraphic abnormal-
ities was 74% medial and 53% lateral (of these 27% had uptake in
both compartments), 76% tibial and 46% talar (of these 21% had
uptake in both compartments). Overall, medial ankle scintigraphic
abnormalities were signiﬁcantly more prevalent than lateral
(P ¼ 0.037 corrected McNemar Chi-square statistic); and tibial ab-
normalities were signiﬁcantly more prevalent than talar
(P ¼ 0.0065 corrected McNemar Chi-square statistic) (Fig. 2). BMI
was greater in the group with any ankle scintigraphic abnormal-
ities; age and gender did not differ in the two scintigraphic groups
(NO compared with ANY ankle abnormality) (Table I). Age and BMI
were greater in the group with any forefoot scintigraphic abnor-
malities; gender did not differ in the two scintigraphic groups (NO
compared with ANY forefoot abnormality) (Table I).Fig. 1. Ankle scintigraphic images. Representative late phase technetium-99m-diphosphon
of uptake. Shown are anteroposterior views (top row) and mediolateral views (bottom row
forefoot, (c) lateral ankle and forefoot, (d) forefoot only, and (e) generalized medial and latOne or both ankles bothered 23% of participants; among these
individuals, 53% had bilateral ankle symptoms (Table II). Although
ankle symptoms were associated with ankle scintigraphic abnor-
malities they were not associated with forefoot scintigraphic ab-
normalities (P ¼ 0.72). Ankle scintigraphic abnormalities were
associated with ipsilateral but not contralateral ankle symptoms;
this association persisted after controlling for contralateral symp-
toms (Table III). Overall the risk of an abnormal ankle scintigram in
the setting of ankle symptoms was increased 2.3 fold.
Knee OA, deﬁned as JSN  1 or knee OST  1, was signiﬁcantly
associated (P ¼ 0.001e0.006) with scintigraphic abnormalities ofate bone scintigraphic images of ankle joints depicting the various and distinct patterns
). These images illustrate examples of uptake in (a) normal joint, (b) medial ankle and
eral ankle and forefoot.
Table I
Demographic characteristics of the cohort by scintigraphic abnormality
Joint site Scintigraphic
finding
N Age mean
(SD)
BMI mean
(SD)
Gender
(% male)
Ankle None abnormal 109 62.9 (11.9) 30.2 (5.8) 24.7%
Any abnormal 49 65.4 (11.6) 33.7 (7.9) 26.5%
Group difference
(95% CI)
2.59
(6.6, 1.4)
3.4
(5.7, 1.2)
0.91
(0.42, 1.97)
P value 0.20 0.0025 0.81
Forefoot None abnormal 79 61.7 (11.8) 30.0 (5.3) 31.6%
Any abnormal 79 65.6 (11.7) 32.6 (7.6) 19.0%
Group difference
(95% CI)
3.94
(7.6, 0.2)
2.62
(4.7, 0.5)
1.98
(0.94, 4.12)
P value 0.036 0.014 0.070
Group difference by Student’s t test for age and BMI, and by odds ratio for gender;
Bold typeface indicates P < 0.05 signiﬁcance.
Table III
Ipsilateral and contralateral associations with ankle scintigraphic abnormalities
Predictor
Risk of ankle bone scan abnormalities
Side of association Hazard ratio
(95% CI)
P value
Ankle symptoms Ipsilateral 2.13 (1.10, 4.12) 0.03
Ipsilateral (controlled for
contralateral predictor)
2.30 (1.28, 4.13) 0.005
Contralateral (controlled
for ipsilateral predictor)
0.89 (0.48, 1.63) 0.70
Contralateral 1.60 (0.83, 3.09) 0.16
Knee JSN Ipsilateral 1.14 (0.89, 1.46) 0.30
Ipsilateral (controlled
for contralateral predictor)
1.08 (0.88, 1.34) 0.45
Contralateral (controlled
for ipsilateral predictor)
1.41 (1.14, 1.73) 0.001
Contralateral 1.40 (1.12, 1.76) 0.003
Knee OST Ipsilateral 1.09 (0.99, 1.20) 0.07
Ipsilateral (controlled for
contralateral predictor)
1.04 (0.95, 1.14) 0.42
Contralateral (controlled
for ipsilateral predictor)
1.12 (1.03, 1.22) 0.006
Contralateral 1.14 (1.05, 1.24) 0.002
Knee malalignment Ipsilateral 1.09 (1.02, 1.17) 0.01
Ipsilateral (controlled for
contralateral predictor)
1.02 (0.91, 1.15) 0.68
Contralateral (controlled
for ipsilateral predictor)
1.09 (0.99, 1.21) 0.08
Contralateral 1.11 (1.05, 1.18) 0.0005
Ankle injury/surgery Ipsilateral 6.31 (4.16, 9.57) <0.0001
Ipsilateral (controlled for
contralateral predictor)
3.81 (2.49, 5.84) <0.0001
Contralateral (controlled
for ipsilateral predictor)
2.96 (1.87, 4.70) <0.0001
Contralateral 5.68 (3.60, 8.95) <0.0001
Results adjusted for age, gender and BMI with GEE to control for ankle correlation
within an individual; Knee malalignment deﬁned as degrees deviation from 180 or
neutral alignment; Bold typeface indicates P < 0.05 signiﬁcance.
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ipsilateral ankle scintigraphic abnormalities after adjusting for
presence of contralateral knee OA. Knee malalignment was asso-
ciated with scintigraphic abnormalities of the contralateral but not
ipsilateral ankle (P¼ 0.02 adjusted for age, gender and contralateral
knee malalignment); however, the strength of this association was
somewhat diminished with additional adjustment for BMI
(P ¼ 0.08). We did not ﬁnd any association of knee symptoms alone
with ankle or forefoot bone scan abnormality (data not shown).
These ﬁndings demonstrate a probable kinematic association of
knee OA pathology and contralateral ankle abnormalities.
Despite the overall prevalence of individuals with ankle abnor-
malities by bone scintigraphy (31%), surprisingly few individuals in
this cohort reported a history of ankle injury (overall 4.4%) or surgery
(4.4%) at the time of their ﬁrst evaluation. Nevertheless, even con-
trolling for report of injury or surgery of the other limb, any history of
ankle injury or surgery was strongly associated with both ipsilateral
and contralateral ankle scintigraphic abnormalities (Table III).
A total of 138 participants returned 3 years after the baseline
evaluation. This afforded the opportunity to obtain ankle radio-
graphs and repeat ankle scintigrams. The prevalence of radio-
graphic tibiotalar joint OA was high as deﬁned by KL grade  1
(79%) or KL grade  2 (15%), JSN  1 (15%), or OST  1 (74%). The
distribution of ankle KL grades was KL0 21%, KL1 64%, KL2 12%, KL3
2%, KL4 1%. On both sides, ankle scintigraphic uptake correlated
strongly with severity of radiographic ankle OA based on KL grade
(R ¼ 0.49 average of both sides, P < 0.0001). At follow-up, ankle
scintigraphic abnormality was independently associated with
tibiotalar JSN (R ¼ 0.35 average of both sides, P < 0.0001) and
tibiotalar OST score (R ¼ 0.35 average of both sides, P ¼ 0.0008).
These data demonstrate that the severity of ankle scintigraphic
abnormalities correlated with the severity of ankle radiographic OA
in this cohort.
The 3-year follow-up also afforded an opportunity to obtain
more extensive data on the occurrence, severity, type, and date ofTable II
Baseline prevalence of ankle and forefoot abnormalities in the POP knee OA cohort
Clinical characteristic Unilateral Bilateral Any side
Abnormal ankle bone scans,
N (% of individuals)
28 (17.6%) 21 (13.2%) 49 (30.8%)
Abnormal forefoot bone scans,
N (% of individuals)
29 (18.2%) 50 (31.5%) 79 (49.7%)
Ankle symptoms, N (% of
individuals)
17 (10.7%) 19 (12.0%) 36 (22.6%)
Self-reported ankle Injury,
N (% of individuals)
7 (2.2%) 0 (0%) 7 (4.4%)
Self-reported ankle surgery,
N (% of individuals)
5 (1.6%) 2 (0.6%) 7 (4.4%)
Self-reported ankle injury
or surgery, N (% of individuals)
12 (3.8%) 2 (0.6%) 14 (8.8%)ankle injury in order to further explore the possible association of
ankle abnormalities and ankle injury in this cohort. Signiﬁcant
ankle injury was deﬁned as one requiring a cast, cane, crutch or
surgery. At the time of follow-up, a total of 36 incidents of ankle
injury (in 33 individuals, 20 on right side, 16 on left side) were
reported to predate the ﬁrst study visit; two additional incidents of
ankle injury were reported to have occurred between the baseline
and follow-up visit. Among the participants who returned for
follow-up, all but one of the original reports of ankle injury were
reported again. A large proportion of the individuals with ankle
scintigraphic abnormalities at baseline returned for follow-up
(N ¼ 41, 84%). In this group, ankle scintigraphic uptake at base-
line correlated with the more complete accounting of history of
prior ankle injury (P ¼ 0.007 Chi-square adjusted for age, gender
and BMI). However, evenwith a more complete accounting of prior
ankle injuries, still the majority (76%) of ankles with baseline
scintigraphic abnormalities occurred in individuals without a his-
tory of prior signiﬁcant injury. These data suggest that ankle injury
alone cannot account for the ankle scintigraphic abnormalities and
features of radiographic ankle OA observed in this knee OA cohort.
The interrelationship of knee and forefoot was similar to that
observed for the knee and ankle; namely, knee OA and knee
malalignment were signiﬁcantly associated with contralateral
forefoot scintigraphic abnormalities but not ipsilateral abnormal-
ities (Table IV).Discussion
The main purpose of this study was to evaluate the interrela-
tionship of knee pathology and ankle/forefoot abnormalities. Past
Table IV
Association of knee pathology with forefoot scintigraphic abnormalities
Predictor
Risk of forefoot bone scan abnormalities
Side of association Hazard ratio
(95% CI)
P value
Knee JSN Ipsilateral 1.07 (0.94, 1.23) 0.30
Ipsilateral (controlled for
contralateral predictor)
1.02 (0.91, 1.15) 0.73
Contralateral (controlled
for ipsilateral predictor)
1.25 (1.10, 1.42) 0.0005
Contralateral 1.24 (1.08, 1.42) 0.0018
Knee OST Ipsilateral 1.05 (0.99, 1.11) 0.09
Ipsilateral (controlled for
contralateral predictor)
1.01 (0.96, 1.07) 0.65
Contralateral (controlled
for ipsilateral predictor)
1.10 (1.05, 1.15) <0.0001
Contralateral 1.10 (1.04, 1.16) 0.0004
Knee
malalignment
Ipsilateral 1.05 (0.00, 1.11) 0.11
Ipsilateral (controlled for
contralateral predictor)
1.01 (0.95, 1.07) 0.76
Contralateral (controlled
for ipsilateral predictor)
1.06 (1.00, 1.11) 0.03
Contralateral 1.07 (1.01, 1.12) 0.015
Results adjusted for age, gender and BMI with GEE to control for ankle correlation
within an individual; Knee malalignment deﬁned as degrees deviation from 180 or
neutral alignment; Bold typeface indicates P < 0.05 signiﬁcance.
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OA23, and noted that severe ankle degeneration did not exist in the
absence of severe knee degeneration24; in addition, several studies
noted the occurrence of bilateral ankle OA22e24. To our knowledge
however, this is the ﬁrst study to demonstrate a clear association of
knee OA with contralateral ankle pathology. In contrast to the
former studies, upon accounting for contralateral knee pathology,
we have discerned a relationship of knee radiographic OA and
severity of knee malalignment with contralateral ankle pathology
as demonstrated by bone scintigraphy. We observed a similar
contralateral interrelationship of knee pathology with forefoot
scintigraphic abnormalities. At baseline only 9% of participants in
this study reported previous ankle injury or surgery; at follow-up
with more extensive inquiry, this increased to 22%. While a his-
tory of ankle injury was clearly associated with the presence of
ankle pathology, less than one-quarter of ankles with scintigraphic
abnormalities were associated with prior injury. These data suggest
that ankle injury alone cannot fully account for the ankle scinti-
graphic abnormalities and features of radiographic ankle OA in this
knee OA cohort. The association of knee pathology with contra-
lateral ankle pathology is the ﬁrst to our knowledge to suggest that
knee OA is a risk factor for contralateral ankle pathology.
Given the reports that ankle OA is rare33,34, wewere surprised to
observe a high prevalence of abnormal ankle scintigrams (31% of
individuals) indicating an abnormally high level of ankle joint bone
remodeling in this knee OA cohort. A similar high prevalence (29%
of individuals) of ankle abnormalities (radiographic OA) was
observed by Tallroth et al. in another knee OA cohort with partici-
pants of similar age to ours23. The prevalence of ankle joint pa-
thology in these knee OA cohorts exceeded even the highest
prevalence rates of ankle OA derived from cadaveric studies on
non-selected populations (5e18%)2,35,36. The prevalence of ankle
symptoms in our knee OA cohort (23% of individuals) also far
exceeded the prevalence of self-reported ankle symptoms (4%) and
physician observed ankle abnormalities (0.8%) in the general pop-
ulation in the US Health and Nutrition Examination Survey
(NHANES I e 1971e1975)37. The strong relationship of ankle ab-
normalities with knee OA in our cohort suggests that knee pa-
thology may contribute to the excess prevalence of ankle
abnormalities observed in our study.Biomechanical factors have been posited to be involved in the
non-random evolution of OA in “kinematically related joints” of the
lower extremities19,22,24. An early gait study showed that knee OA
was associated with redistribution of load from the impaired to less
or non-impaired joints through a multijoint change in dynamics38.
A decade later, knee OAwas shown to increase loading at the ankle;
in the setting of knee OA, more rapidly increasing joint forces were
posited to lead to initiation and more rapid progression of OA at
joints adjacent to the knee39. Another gait study showed that in-
dividuals with severe knee OA had greater ankle dorsiﬂexion mo-
ments and higher ankle internal rotation moment40,41. Other
studies have shown reduced ankle power42 including reduced
ankle plantar-ﬂexion power in individuals with knee OA43. Thus, as
aptly stated by Muehleman24da malaligned knee affects the
alignment of the entire kinetic chain. Based on these studies we
conclude that altered mechanics, as a result of knee OA and knee
malalignment, are likely contributing to the associated contralat-
eral ankle abnormalities.
Based on the sequence of joint replacements within a patient
with knee or hip OA, a non-random evolution of OA in these joints
has been established18. With regard to hip OA, the reason for the
contralateral hip/knee OA risk relationship was demonstrated to be
based on mechanical alteration; end-stage hip OA was associated
with signiﬁcantly higher peak external knee adduction moment
and peak medial compartment load19,20. Individuals with hip OA
also have altered gait mechanics consisting of a shorter stride
length, less contralateral and especially ipsilateral hip motion,
modiﬁed ankle motion bilaterally, and a different intra-limb coor-
dination pattern compared to control subjects44. Since individuals
with hip OA have altered gait mechanics that might impact the
incidence of ankle pathology, it would be of great interest in future
to explore the association of hip and ankle OA and their laterality.
Degenerative changes in the ankle are reported to increase with
age, to be more severe in men than in women, to be predominantly
bilateral, and to correlate with weight7. With respect to ankle ab-
normalities, we did not observe an age or gender bias in this knee
OA cohort. Unilateral abnormalities were more common than
bilateral and ankle scintigraphic abnormalities were independently
associated with ankle symptoms but not BMI (data not shown). Our
ﬁnding that medial ankle scintigraphic abnormalities were more
prevalent than lateral agreeswith a prior conclusion from a study of
cadaveric ankle joint degeneration22.
Although our study was limited by the lack of baseline ankle
radiographs, bone scintigraphic abnormalities of the ankle at
follow-up were strongly correlated with radiographic abnormal-
ities of the ankle at follow-up suggesting that ankle scintigraphic
abnormalities reﬂect underlying features of radiographic ankle OA.
Additional limitations include the fact that injury data were self-
reported and subject to recall bias; however, with the exception
of 1 event, all the initially reported events were reported at 3-year
follow-up along with additional events that were captured with
inclusion of a variety of more explicit questions about ankle events.
Third, although these data suggest that knee OA leads to contra-
lateral features of radiographic ankle OA, causality cannot be
deﬁnitively established without serial knee and ankle radiographs.
In summary, our data provide evidence for a much higher
prevalence of ankle joint abnormalities than expected based on
much of the existing literature. We demonstrate a high prevalence
of ankle scintigraphic abnormalities and radiographic features of
ankle OA in the setting of radiographic knee OA and an association
of knee OA and knee malalignment with contralateral ankle pa-
thology. These data suggest that knee OA is likely a signiﬁcant risk
factor for ankle abnormalities, particularly ankle abnormalities
contralateral to an osteoarthritic knee. The known mechanical
interaction of lower extremity joints in a kinetic chain suggests that
V.B. Kraus et al. / Osteoarthritis and Cartilage 21 (2013) 1693e16991698therapeutic interventions targeting mechanical factors may be
needed to prevent ankle OA in the setting of knee OA.
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